Objective: The aim of this prospective study was to demonstrate the effectiveness of posterior pericardiotomy in reducing the incidence pericardial effusions and consequently reducing the related supraventricular tachyarrhythmias and development of delayed posterior cardiac effusions. Methods: This prospective randomized study was carried out in 150 patients undergoing coronary artery bypass grafting in Bayindir Hospital Department of Cardiovascular Surgery between April 2000 and October 2001. One hundred and fifty patients were divided into two groups; each group included 75 patients. A 4-cm longitudinal incision was made parallel and posterior to the left phrenic nerve, extending from the left inferior pulmonary vein to the diaphragm in posterior pericardiotomy group (group I). Posterior pericardiotomy was not performed in conventional treatment group (group II). Results: Atrial fibrillation was developed in seven patients (9.3%) in group I and in 24 patients (32%) in group II (P , 0:001). Atrial flutter and other supraventricular tachyarrhythmia (SVT) prevalence was not statistically significant. Early pericardial effusion was developed 42.6% (32/75) and 10.6% (8/75), respectively, in group II and group I (P , 0:0001), but no late pericardial effusion developed in group I despite seven (9.3%) late pericardial effusions developing in group II (P , 0:013). Conclusion: Posterior pericardiotomy is a simple, safe and effective technique for reducing not only the prevalence of early pericardial effusion and related atrial fibrillation but also delayed posterior pericardial effusion and tamponade. q
Introduction
Pericardial effusion which is commonly seen after coronary artery bypass surgery (CABG) adds a wide range of morbidity to the operation. It is often small in amount and benign but can be circumferential and quite large which may impede cardiac filling, reduce cardiac output, and lead to tamponade or it may be regional and located in a strategic area incriminates in the development of SVT after CABG [1] . Regional pericardial effusions are often localized posterior. Previous reports have dealt with the clinical features and management of this problem and have emphasized the high mortality rates associated with delayed treatment [2] [3] [4] . Supraventricular tachyarrhythmias, mainly in the form of atrial fibrillation, occur in up to 40% of patients undergoing coronary artery bypass grafting (CABG) [5, 6] and although usually benign, can cause hemodynamic instability, prolong hospital stay and increase cost, and rarely predispose to a cerebrovascular accident [7] . Posterior pericardiotomy has recently been reported to reduce the prevalence of echocardiographically defined pericardial effusions from 40% in a control group to 8% in a pericardiotomy group, with a simultaneous reduction in the prevalence of SVT from 36 to 8% [8] . The aim of this prospective, randomized trial was to test the hypothesis that posterior pericardiotomy reduces the postoperative incidence of SVT by improving pericardial drainage. Patients with hyperthyroidism, chronic obstructive pulmonary disease, renal dysfunction, left ventricular aneurysm, valvular heart disease and patients with preoperative paroxystic atrial fibrillation were not included in this study. Patients who were receiving b-blocker agents were also excluded from the study. This prospective randomized clinical study was performed in the first 150 patients undergoing coronary artery bypass surgery who had not had exclusion criteria. For randomization of the patients, the table of random digits [9] was used and posterior pericardiotomy was performed in the patients on the first 75 lines of the table; the second 75 lines were accepted as control group. A 4-cm longitudinal incision was made parallel and posterior to the left phrenic nerve, extending from the left inferior pulmonary vein to the diaphragm (posterior pericardiotomy) as described by Mulay and coworkers [8] . Informed consent was obtained from all patients. Posterior pericardiotomy was not performed in group II. Two chest tubes (one in the left pleural cavity and the other in anterior mediastinum) were inserted and the pericardium was left open anteriorly in both groups. No drain was placed behind the heart to avoid tube-induced ventricular arrhythmias in both groups. Anesthetic medication and surgical techniques were similar in each group. Cardiopulmonary bypass was established with a roller pump non-pulsatile flow between 2.0 and 2.4 l/m 2 per min using Polystan membrane oxygenators (Polystan A-S 8, Walgerholm, Waerlose, Denmark) with an activated clotting time of more than 480 s. Alpha-stat arterial carbon dioxide tension management were used and arterial pressure maintained at 50-80 mmHg. Single cross-clamp, antegrade and retrograde blood cardioplegia was used which was repeated in every 20 min and a hot shot before the removal of the cross-clamp. Heparin was reversed by protamine at the end of the cardiopulmonary bypass. The left pleural cavity was opened down to the phrenic nerve in all patients in order to ensure a better drainage of the pericardium into the pleura and patients with dense adhesion of left lung were excluded. The left internal thoracic artery (LITA) was the graft of choice for left anterior descending coronary artery (LAD) in all patients and saphenous vein grafts (SVG) for the other anastomosis. Patient demography is summarized in Table 1 . After routine closure of the chest, continuous suction (10 mmHg) was applied to the drains, which were milked and stripped at 30-min intervals to ensure tube patency. Chest tubes were removed the following day when the drainage was less than 20 ml/h for consecutive 4 h. The presence of pericardial effusion was assessed by two-dimensional echocardiography, which was performed in postoperative days 1, 5, before discharge and 1 month after discharge. The presence of pericardial effusion on two-dimensional echocardiography was assessed with criteria described by Martin and colleagues [10] . The maximum diastolic separation between pericardium and epicardium was measured at the level of the tip of mitral valve leaflet. Any effusion greater than 1 cm was considered significant. Patients were examined echocardiographically after discharge. Patients with posterior effusion were recorded. Late posterior effusions and tamponade were recorded. Electrocardiograms of patients were monitored continuously for 96 h for detecting arrhythmias and if needed, by using standard 12-lead electrocardiograms to detect persistent clinically relevant AF that would necessitate medication.
Patients and methods

Between
In the event of SVT the serum potassium level was corrected if less than 4.5 mmol/l. If the SVT persisted; propofenon or amiodarone administration was begun. Although the patients were discharged, we taught the family to monitor radial artery pulses at least three times a day. In addition, standard 12-lead electrocardiograms were obtained from all patients when the echocardiographic examinations were performed.
Arrhythmias were thought to be persistent and clinically significant when the they were longer than 30 min; we did not count arrhythmias that lasted less than 30 min.
Statistical analysis was performed with SPSS software version 7.0 (SPSS Inc., Chicago, IL). Clinical data are expressed as the mean^SD. Differences were analyzed with x 2 Fisher's exact test and independent t-tests.
Results
There was no difference between the two treatment groups with regard to age, sex, medication received, LV ejection fraction, right coronary artery involvement and unstable angina necessitating administration of intravenous heparin and nitrates (Table 1) or parameters of coagulation. The number of the distal anastomosis, LITA, SVG usage, duration of cross-clamp, total perfusion time, total volume of drainage, and hospital stay were not statistically significant (Table 1) . There was one hospital death because of low cardiac output. One patient underwent reoperation because of bleeding from a side branch of the internal thoracic artery and another one for the re-exploration of the grafts because of hemodynamic instability and uncontrollable arrhythmias, which were soon found to be because of a protruded sequential SVG from the pericardiotomy side. One patient in each group required insertion of an intra-aortic balloon pump but both patients recovered and were discharged from the hospital. The groups were similar with regard to duration of mechanical ventilation.
Thirty-eight patients (25.3%) developed supraventricular arrhythmias. All SVTs were seen in the first 5 days after the operation, mostly on the second (20 patients, 52.6%) and third (11 patients, 28.9%) postoperative days. Ventricular arrhythmias were rare (18 patients,12%) and showed no difference between the groups. Total number of supraventricular arrhythmias was significantly more common in group II (28 vs. 10 patients, (P , 0:001) ( Table 2 ). Arrhythmias were also significantly more commonly associated with the presence of pericardial effusion (28 of 40 patients with pericardial effusion vs. 10 of 110 patients with no pericardial effusion, P , 0:0001). Total incidence of SVT was seven of 64 patients younger than 60 years old and 24 of 86 patients older than 60 years (P , 0:014). More interestingly, the elapsed period for the development of SVTs (especially atrial fibrillation) was shorter in group II (49.6^1.6 vs. 52.1^3.6 h (P ¼ 0:066) and the period elapsed for the response to anti-arrhythmic drugs was longer (4.2^1.8 vs. 3.6^1.1 h, P , 0:01). The incidence of the re-occurrence of AF despite anti-arrhythmic therapy and the need for electrical cardioversion was higher in group II (8 vs. 1 patients (P , 0:03). Although any statistical significance was not reached, the need for positive inotropes was higher in group II (17 vs. 12 patients) ( Table 2) .
The posterior pericardiotomy group (group I) had significantly greater pleural drainage at 24 h (565^133 vs.
355^116 ml) and in total (712^141 vs. 677^136 ml) compared with values in group II (Table 2 ). There was a statistically significant difference in early pericardial effusion; early pericardial effusion detected by echocardiography was significantly higher in group II (8 vs. 32 patients) (P , 0:0001). Late pericardial effusion (more than 30 days after operation) was also very common in group II (seven patients). We did not find late posterior pericardial effusion in group I (P , 0:013). There was no significant difference between the two groups regarding hospital stay (7 vs. 8 days, P . 0:05).
Discussion
Supraventricular arrhythmia is a common complication following CABG and occurs up to 30-50% of cases in different studies with the major occurrence 2 days after the operation [5, 6] . Although many etiologic factors have been emphasized such as age, right coronary artery involvement, atrial dilatation, hyperthyroidism, left ventricular aneurysm/aneurysmectomy, additional valve surgical procedures, perioperative myocardial infarction, low cardiac output, renal failure, respiratory complications and lately, pericardial effusion, influence the development of supraventricular arrhythmias, especially atrial fibrillation [11] [12] [13] . The development of atrial fibrillation cannot depend on a single cause, and there is no reliable prophylaxis known [5, 14] . Univariate and multivariate analyses identified increased patient age to be the dominant factor promoting AF [6] . Similar results have been identified in our study where in the two groups the combined incidence of SVT was seven of 64 patients younger than 60 years old and 24 of 86 patients older than 60 years (P , 0:014). Previous reports have demonstrated that patients with pericardial effusion had a higher prevalence of supraventricular arrhythmias. [1, 15, 16] . Mulay and associates [8] have demonstrated a reduction in both pericardial effusion and related supraventricular arrhythmias with posterior pericardiotomy (8 vs. 36%). Angelini et al. [17] presented refractory (to medication and cardioversion) supraventricular arrhythmias due to pericardial effusion following openheart surgery, which responded well to the evacuation of the effusion and a consequent sinus rhythm. Asimakopoulos and coworkers [18] have shown that posterior pericardiotomy was more effective for pericardial drainage, but they also have shown that atrial fibrillation or SVT prevalence were not significantly reduced (20%) in comparison with the conventional technique (26%). In our study, although we did not find any statistically significant difference regarding atrial flutter and SVTs; atrial fibrillation prevalence was significantly lower in the posterior pericardiotomy group (P , 0:001). Also the elapsed time for the occurrence, response to medication and re-occurrence of AF was significantly different in favor of group I. Asimakopoulos and coworkers [18] included patients who were receiving b- blockers, which could be the reason for the reduced AF in the groups, and also pointed out that pericardiotomy groups have significantly higher blood loss, but we did not find significant total blood loss difference between the two groups; however, the pleural drainage was higher in the posterior pericardiotomy group as expected. It is unlikely that increased drainage was the result of bleeding from the pericardial incision because the edges were cauterized and specifically checked for bleeding. Mulay and colleagues [8] used echocardiography to confirm pericardial effusion (8 vs. 40%) (P , 0:001) and concluded that pericardiotomy reduced the incidence of pericardial effusions and SVT. Asimakopoulos et al. [18] expressed that echocardiography was lacking in their study. Although the total volume drained was similar in both groups, we revealed an increased volume of posterior effusion in the conventional treatment group and an increased incidence of SVTs. Postoperative echocardiographic follow up in a mean period of 38^9.1 days revealed 4.6% delayed pericardial effusion without causing any signs of tamponade. The increased chest drainage in the posterior pericardiotomy group and the results obtained from the echocardiographic follow-up confirmed that this maneuver results in more effective pericardial drainage. Although Yorgancioǧlu et al. [19] experienced the protrusion of a sequential graft from the posterior pericardiotomy side, posterior pericardiotomy is a technically easy, safe and effective technique that does not add any morbidity to the patient and any harm to the surgeon. It reduces not only the prevalence of early pericardial effusion and related atrial fibrillation but also delayed posterior pericardial effusion and tamponade.
